Background. Adult T-cell leukemia/lymphoma (ATL) is a severe disease caused by HTLV-I. This paper describes the clinicopathological and immunohistochemical findings of 52 cases of ATL with skin involvement and investigates whether there is any relationship between median survival time (MST) and histological patterns, primary cutaneous involvement and CD8 positivity. Material and methods. All cases were HTLV-I' and HIV-and were clinically classified. HTLV-I proviral integration was investigated in atypical cases. Immunohistochemistry was performed using CD3, CD4, CD5, CD7, CD8, CD20, CD25, CD30 and CD45RO markers. Ki-67 was used to evaluate the proliferative index. Results. Twentyseven cases were primary, while 25 were secondary. Monoclonal viral integration was demonstrated in all atypical cases. Patterns resembling mycosis fungoides (MF) were found in 19 cases and anaplastic large-cell lymphoma (ALCL) in two cases. Fifteen cases had an atypical immunophenotype and expressed CD8. Primary cutaneous ATL had a longer MST (48 months) than the secondary cutaneous ATL (7 months) and the difference was statistically significant, but no statistically significant difference was found between the MST of CD8-positive and negative cases. Conclusions. It is important to differentiate between primary and secondary cutaneous ATL and classify the cases histologically in order to better evaluate the prognosis. The two forms of primary cutaneous ATL, primary cutaneous smoldering and primary cutaneous tumoral (PCT), should also be identified. The smoldering type presented a longer survival (58 months) and histological aspects suggestive of better prognosis in contrast to the PCT type that had a shorter survival (20 months) and histological characteristics suggestive of worse outcome.
The human T-cell lymphotropic virus type I (HTLV-I) is a retrovirus that was first isolated in 1981 from Tcells of a patient with cutaneous lymphoma, and was soon after linked to a type of leukemia/lymphoma that had been previously described in Japan, adult T-cell leukemia/lymphoma (ATL) [1] .
Infection by HTLV-I is endemic in many parts of the world, including southwestern Japan, the Caribbean basin, and parts of Central Africa and South America [2, 3] . In Brazil, the highest seroprevalence rate of HTLV-I in healthy subjects (1.8%) was observed in the state of Bahia [4] , situated on the north-eastern coast where the population is largely of African descent. Estimates of the number of people infected with HTLV-I worldwide range from 10 to 20 million, the majority of whom are asymptomatic carriers; however, around 5% of the infected individuals may develop associated diseases including ATL, HTLV-I-associated myelopathy/tropical spastic paraparesis (HAM/TSP) and infective dermatitis associated with HTLV-I (IDH) [5, 6] .
The action of HTLV-I within the organism is very slow, and the majority of the diseases caused by the virus are of late onset, emerging in adulthood [7] . However IDH is a severe and infected dermatitis that occurs in childhood. Besides there is a juvenile form of HAM/TSP and even ATL may occur earlier, in adolescence or in early adulthood [8] .ATL is an aggressive mature T-cell malignancy that affects the skin in 43Á72% of cases [9] .
ATL has been classified into four clinical types: acute, chronic, lymphoma and smoldering [10] . In the smoldering type lymphocytosis is not observed and when more than 5% of abnormal T-lymphocytes are present in peripheral blood, it has been defined as leukemic smoldering ATL [3, 11] . Smoldering cases showing less than 5% of abnormal T-lymphocytes in peripheral blood should have a diagnosis of lymphoma in skin or lung biopsy [10] . We have recently proposed to include another clinical type, primary cutaneous tumoral (PCT) in the Shimoyama's classification [12] . This clinical form is characterized by the presence of cutaneous tumors, and absence of lymphadenomegaly, lymphocytosis, hypercalcemia, and involvement of internal organs [12] .
A previous study, carried out in Bahia, Brazil, which included 70 cases of ATL, found that certain variables, such as the smoldering and chronic clinical forms, mycosis fungoides (MF)-like histological pattern, small and medium-sized cell morphology and a low proliferative index, were correlated with a better prognosis [12] . Prognosis was correlated with immunophenotype by some authors who found an association between CD8 positivity and poor prognosis [13] .
In this study we present the clinicopathological and immunopathological features of 52 cases of ATL with histologically-proven primary or secondary cutaneous involvement. In addition, we correlated the ATL patients' survival with clinical and histological types, primary vs. secondary cutaneous involvement and CD8 positivity.
Material and methods
Fifty-two cases of ATL with histologically proven cutaneous involvement identified among 88 cases of ATL diagnosed or referred to the Pathology Department of the Federal University of Bahia's Teaching Hospital were included in this study. All patients were HTLV-I-positive (positive ELISA confirmed by Western blot or PCR) and HIV-negative. An epidemiological questionnaire was applied to the patients and a follow-up study was undertaken. The patients were submitted to staging [12] and skin biopsy. Survival intervals were calculated from the date of diagnosis until last follow-up or death (cut-off date was February, 2008). Clinical types were classified as acute, chronic, lymphomatous, smoldering or PCT [10, 12] . Primary cutaneous ATL was defined as the presence of cutaneous lymphoma without extracutaneous disease within the first 6 months after the diagnosis [14] . In primary cutaneous ATL are included the smoldering subtype with only skin lesions and with less than 5% of abnormal lymphocytes in peripheral blood (primary cutaneous smoldering) and the PCT type. Diagnosis was based on both positive serology and a histologically-proven diagnosis of cutaneous lymphoma of peripheral T-cell origin. Cases with more than 5 years of survival and with less than 19 years of age were considered as atypical cases and in all of them HTLV-I proviral integration was investigated using Southern blot or long-inverse PCR [15] . Patients with smoldering disease were submitted to conservative therapy only, while those with disseminated lesions received Psoralen-UV-A treatment in addition to conservative therapy. In the PCT type, radiotherapy associated with chemotherapy and/or interferon-alpha (IFN-a) plus zidovudine (AZT) were used to reduce the size of the tumors. The chronic, lymphoma and the acute cases were treated with chemotherapy alone or associated with IFN-a plus AZT. Most of the patients in the present series had been included in previous publications [12,16Á18] . The protocol of the present study was approved by the Institutional Review Board of the Teaching Hospital of the Federal University of Bahia. Informed consent was obtained in all cases.
Histopathologic and immunohistochemical studies
The cases were classified morphologically according to the WHO/EORTC (World Health Organization/ European Organization for Research and Treatment of Cancer) classification of cutaneous lymphomas [19] . The immunohistochemical study was performed on formalin-fixed, paraffin-embedded sections using a standard streptavidin-biotin-peroxidase technique [20] and the following immunohistochemical markers: CD45R0 (clones OPD4 or UCHL-1), CD3, CD4, CD5, CD7, CD8, CD20, CD25, CD30 and CD79a. ALK-1 was performed in cases with a morphological appearance of anaplastic large cell lymphoma (ALCL) and CD68 in two cases in which there was a granulomatous reaction. The proliferative index (PI) was evaluated using Ki-67. With the exception of CD4 and CD25, which were purchased from Novocastra (Newcastle, UK), all other antibodies were obtained from DakoCytomation, Glostrup, Denmark. The immunophosphatase technique (Streptavidin Biotin System) for identification of cytotoxic granules was performed in 11/15 CD8' cases using the anti-granzyme B, anti-perforin (Novocastra) and anti-TIA-1 (Immunotech, Marseille, France) antibodies.
Statistical analysis
Univariate analysis was carried out to examine the association between each variable and progression to death. The variables analyzed for their prognostic value were: clinical and histological types, primary cutaneous ATL versus secondary ATL, and CD8-positive cases versus CD8-negative cases.
The Kaplan-Meier method was used to estimate the cumulative probability of patient survival over time.
Comparison of different curves according to subgroups was carried out using the generalized logrank test.
Results

Clinical features
All the patients were born in Bahia, Brazil with exception of one case born in São Paulo, Brazil. Forty-six patients (88.5%) were of African descent and six were white (6.5%). The male:female ratio was 1.3:1. The mean age was 50.4 years (range 9Á86 years). Twenty-two cases were classified as smoldering, 12 as chronic, eight as acute, five as lymphomatous and five as primary cutaneous tumoral types (Table I ). In 13 smoldering cases and in all PCT cases no abnormal T-cells were seen in peripheral blood; nine smoldering cases had between 1 to 4% of abnormal cells in peripheral blood. Twenty-seven cases (smoldering and PCT) were primary of the skin and 25 secondary (chronic, lymphomatous and acute). The skin lesions were always multiple, being generalized in half of the cases. Erythroderma was found in 20 cases (Figure 1 ), infiltrated plaques in 19, papules in 18, tumors in eight, nodules in six, and erythematous patches in two cases. Rarely, purpuric lesions or vesicles were also found. Erythroderma was found in all clinical types except the PCT type and was the only skin lesion in 15 cases; nodules were not found in the smoldering type. Tumors were not found in smoldering or chronic types. Of the 32 cases in which information concerning childhood eczema was available, 12 patients (37.5%) had had a severe eczema affecting the scalp and other areas of the body early in childhood. One of these patients, an adolescent, presented concurrent HAM/TSP, IDH and ATL [17] . HAM/TSP was observed in 10/52 (19%) cases of ATL, six of the smoldering type, three of the chronic type and one of the acute type. The duration of follow-up varied from 1 to 210 months (mean of 33.80 months). During follow-up four smoldering cases evolved to the acute, chronic or PCT types and two chronic cases to the acute type. Eleven of the 52 patients (21%) are still alive, eight of whom have the smoldering type and three the chronic type. Three of the living patients, two with the smoldering type and one the chronic type, are free of disease. Monoclonal integration of the HTLV-I was confirmed in eight cases with more than five years of follow-up, including one child, and in two cases of adolescents (518 years). Twenty-four deaths occurred as a result of the disease, 13 due to infection and four of causes unrelated to ATL. Two smoldering cases died of cardiac disease and another patient with associated HAM/TSP, of mesenteric thrombosis. One chronic case died of uncontrolled diabetes.
Histopathologic and immunohistochemical features
Thirty-one cases were histologically classified as peripheral T-cell lymphoma, unspecified (PTCL-U), 19 as MF, and two as ALCL. Half of the cases with erythroderma had morphology similar to MF. No case of MF had nodules. Tumors were observed in eight cases of PTCL-U and in only one case of MF. The diagnosis of MF corresponded to 59% of the smoldering cases, to 50% of the chronic cases, to 20% of the lymphomatous and PCT cases and to no acute case. All but one case of MF presented epidermotropism, and eight had small Pautrier microabscesses (Figure 2 ). Eighteen cases of PTCL-U presented epidermotropism. Pautrier abscesses were found in 16 cases of PTCL-U (Figure 3) , and vasculotropism and folliculotropism in two cases. The two cases of ALCL corresponded to the smoldering and chronic clinical types respectively and survival time exceeded four years in both cases. Histologically, an infiltration of large CD30' lymphoid cells with nuclear pleomorphism was seen in the upper dermis (Figure 4) . A diffuse infiltration of CD68' cells with nonnecrotizing granulomas was observed in two smoldering cases ( Figure 5 ) with prolonged survival. In one of these cases some giant cells showed atypical nuclei. Specimens stained negative for fungi and acid-fast bacilli. (Grocott and Ziehl-Nielsen stains).
All cases were positive for CD3, CD5 and CD45RO (clones OPD4 and/or UCHL-1), and negative for CD7, CD20 and CD79a. CD25 was positive in 30/33 cases. CD30 was expressed in only two cases. CD8 positivity was observed in 15/52 cases and in 10 of these cases it was associated with CD4 positivity. CD8 was positive in ten cases with MF morphology and in five cases with PTCL-U morphology. Three CD8' cases with a PTCL-U pattern presented a proliferative index above 18% and only one of these had large cells. No granzyme-B or perforin positivity was observed in the 11 CD8' patients investigated. TIA positivity varied from 2 to 12%. The ALCL cases were CD30', ALK-1-negative and presented a high proliferative index ( 50%). The proliferative index was 18% in 15/ 24 cases (62.5%) of PTCL-U and in no case of MF.
Considering the two primary cutaneous forms of ATL, the smoldering type presented 59% of MF morphology and all cases had a proliferative index 518% in contrast with the PCT type that presented a PTCL-U morphology and an IP 18% in 80% of the cases.
Evaluation of survival
The overall median survival time (MST) was 22 months (95%CI: 1.6Á42.4 months). The MST for the different clinical types was: smoldering, 58 months; chronic, 38 months; PCT, 20 months; lymphomatous, 7 months, and acute, 2 months. A statistically significant difference was found between the smoldering type and the acute (p B0.0001), lymphomatous (p 00.0021) and PCT (p 00.019) types, however no statistically significant difference was observed between the smoldering and chronic (p 00.12) types. The MST in the cases of primary cutaneous ATL (smoldering and PCT types) was 48 months versus 7 months for secondary ATL ( Figure 6 ). This difference was statistically significant (p B0.01). The MSTs for the pathologic diagnoses were as follows: PTCL-U, 12 months and MF, 46 months. There was no statistically significant differences in survival between MF and PTCL-U morphologies (p 00.110), although the cases with MF-like morphologic features had a longer survival. The CD8-positive and negative cases had MSTs of 20 months and 21 months, respectively. This difference was not statistically significant (p 00.679).
Discussion
The disease manifested itself as erythroderma, plaques, papules, and less frequently as nodules and tumors. There was some correlation between the dermatological lesions and clinical types; tumors were only seen in the more aggressive clinical types (acute, lymphomatous and PCT), nodules were not seen in the smoldering type and erythroderma was not found in the PCT type. The lesions were always multiple and frequently disseminated.
There was a history of severe childhood eczema involving the scalp, possibly representing IDH, in 37.5% of the cases. In addition, one adolescent patient had concurrent IDH, HAM/TSP and ATL [17] . It is generally accepted that IDH, which has been previously described in the Brazilian state of Bahia, predisposes to ATL [6] . In the present study, ATL was also frequently found in association with HAM/TSP, a rare finding in the literature [21] . This association occurred mainly in patients with the smoldering and chronic types.
The histological characteristics of ATL commonly resemble those of a PTCL-U consisting of pleomorphic cells of various sizes and with irregular nuclei described in previous classifications as a pleomorphic T-cell lymphoma [22] . However cases with distinct morphology have been reported [23Á 25] and in the present study although typical pleomorphic morphology was found in the majority of cases, around one-third of cases had histological characteristics of MF with a neoplastic infiltrate composed of uniformly small and irregular cells and epidermotropism. Many of these cases of ATL presented clinically as erythroderma, while histology revealed epidermotropism and Pautrier abscesses mimicking MF, a cutaneous T-cell lymphoma unassociated with HTLV-I. In cases such as these, clinical and histopathological findings may lead to a diagnosis of MF unless HTLV-I serology is performed. In addition, as previously described [24] two cases in which histology was compatible with ALCL were also observed. In view of the better prognosis of the latter two types of cutaneous T-cell lymphomas, the distinction between these lymphomas and ATL is of clinical relevance.
In this study it was demonstrated that the ATL cases with MF morphology were more frequent in the smoldering and chronic forms and presented a proliferative index B18%, aspects that are indicative of a less aggressive outcome (12) . On the other hand, the two ATL cases with ALCL morphology also behaved clinically as less aggressive ATL and had a prolonged follow-up, one of them being still alive. Thus, it is important to classify the ATL cases histologically in order to better evaluate the prognosis.
Diffuse infiltration of histiocytes and non-necrotizing and non-infectious granulomas associated with prolonged survival have been previously reported in ATL [26] . The presence of granulomas has been considered an indication of a host-protective response against ATL progression [26] . In the two present cases with granulomas and diffuse infiltration of histiocytes, survival was prolonged [16, 18] .
The majority of the cases presented the classical phenotype of ATL, except for 15 cases, in which CD8 expression was positive, a pattern that has rarely been observed in ATL [13, 27, 28] . These CD8' cases did not express perforin or granzyme B, indicating that the CD8' cells had no cytotoxic function, thereby confirming previous findings [28] . TIA-1 was detected in few lymphocytes, but TIA-1 is a cytolytic granule-associated protein that may define a subpopulation of CD8-positive T lymphocytes; however, it is unrelated to activation [29] .
Lethality was high, as reflected by the MST of 22 months; however, this was better than the overall MST of 12 months found for the ATL patients in general [12] . MST was shorter in the acute, lymphoma and PCT types, and this finding is in agreement with previous data for ATL patients [12] .
In all lymphomas involving the skin, it is important to evaluate whether involvement is primary or secondary, since clinical behavior and prognosis are quite different [19] . A statistically significant difference was found between the MST of patients with primary cutaneous ATL and those with secondary ATL. Two types of primary cutaneous ATL were characterized in this study: the primary cutaneous smoldering type and the PCT type. However ATL was not included as occurring primarily in the skin in the last WHO and in the WHO/EORTC classifications of cutaneous lymphomas [3, 19] . Ratifying a previous observation [12] , primary cutaneous smoldering ATL had a much better prognosis (MST of 58 months) as compared to the PCT type (MST of 20 months). In addition, patients with primary cutaneous smoldering ATL mostly died of infections or of causes not directly related to ATL. The MST observed in this study for the primary cutaneous smoldering ATL was higher than those reported by Setoyama et al. (1999) [30] . Provably this difference may be due to different criteria used by these authors.
According to Kamihira et al (1992) [13] the patients with CD8' cells have a poorer prognosis as compared to patients with the typical CD4' CD8-phenotype. These authors evaluated patients with acute and chronic ATL. However, in the present study the MST of the CD8' cases was similar to that of the CD8-negative cases. This may due to the fact that two-thirds of the CD8' cases in the present study had morphological findings indicative of MF, small cells and a proliferative index 518%, aspects that are considered indicative of a better prognosis [12] . Moreover the other one-third had PTCL-U morphology but the proliferative index was 18% in only three cases and only one of these had large cells, aspects suggestive of a poorer prognosis [12] . Considering these findings, CD8 positivity does not seem to be an informative marker of prognosis.
In conclusion, it is important to differentiate between primary and secondary cutaneous ATL and classify the cases histologically in order to better evaluate the prognosis. Considering that there are two types of primary cutaneous ATL, the primary cutaneous smoldering type and the PCT type, which have different characteristics, these types must be also identified. The smoldering type presented a longer survival (58 months) and histological aspects suggestive of better prognosis in contrast to the PCT type that had a shorter survival (20 months) and histological characteristics suggestive of worse outcome.
